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ABSTRACT 
According t o  energy aud i to rs ,  state-owned 
f a c i l i t i e s  i n  Texas on the average consume over 
tw ice  the  energy o f  comparable f a c i l i t i e s  i n  the  
p r i v a t e  sector.  I n  1984 and 1986 as p a r t  o f  the  
Texas Energy Cost Containment Program, two 
extens ive energy a u d i t  programs examined a t o t a l  . 
o f  35.3 m i l l i o n  square f e e t  o f  state-owned space. 
Energy cost  reduc t ion  measures w i t h  paybacks o f  
fou r  years o r  l e s s  were i d e n t i f i e d .  The purpose 
o f  t h i s  paper i s  t o  present the  p r o j e c t s  
i d e n t i f i e d  i n  1986. Most r e l a t e  t o  l i g h t i n g ,  
HVAC, and energy management systems. The type  o f  
f a c i l i t i e s  audi ted inc lude  co l leges  and 
u n i v e r s i t i e s ,  h e a l t h  science centers, s t a t e  
schools and centers, h o s p i t a l s ,  and o f f i c e  
bu i ld ings .  The r e l a t i o n  between t h e  f a c i l i t y  type 
and the  energy cost  reduc t ion  measures i d e n t i f i e d  
i s  discussed. I n  add i t i on ,  the  energy and d o l l a r  
savings der ived from t h e  i d e n t i f i e d  measures a t  
the d i f f e r e n t  f a c i l i t i e s  a re  presented. The t o t a l  
savings o f  t h e  p r o j e c t s  i d e n t i f i e d  i n  both energy 
a u d i t  programs amount t o  $23.7 m i l l i o n  annual ly.  
INTRODUCTION 
I n  1984 and 1986, the Energy E f f i c i e n c y  D i v i s i o n  
o f  the  Pub l i c  U t i l i t y  Commission o f  Texas, us ing  
o i l  overcharge funds re tu rned  t o  t h e  s ta te ,  
prov ided energy aud i t s  t o  80 s t a t e  agencies on a 
request  basis. The a u d i t s  were s i m i l a r  i n  format 
t o  the  Federal I n s t i t u t i o n a l  Conservat ion Program, 
bu t  were streamlined t o  i d e n t i f y  on ly  the  bes t  
cos t  reduc t ion  o p p o r t u n i t i e s  w i t h  paybacks o f  f o u r  
years o r  less. Both maintenance and opera t ions  
and c a p i t a l  r e t r o f i t  recommendations were inc luded 
i n  the  repor ts .  De ta i led  a u d i t s  were performed a t  
114 separate f a c i l i t i e s .  Overa l l ,  approximately 
35 percent o f  the S ta te ' s  condi t ioned space was 
surveyed. 
These aud i t s  were o f f e r e d  as p a r t  o f  t h e  ongoing 
S ta te  Energy Cost Containment Program (SECCP). 
The SECCP was s t a r t e d  i n  1983 t o  i d e n t i f y  ways o f  
reducing the  S t a t e ' s  r i s i n g  u t i l i t y  costs. The 
S ta te ' s  e l e c t r i c a l  and n a t u r a l  gas cos ts  increased 
f i v e - f o l d  from $42 m i l l i o n  i n  1974 t o  $207 m i l l i o n  
i n  1984 (see F igure  1) .  The recen t  drop i n  energy 
costs, p r i m a r i l y  due t o  lower n a t u r a l  gas p r i c e s  
and the use o f  state-owned gas, lowered the  
S ta te ' s  19% b i l l  t o  $188 m i l l i o n .  Note t h a t  
these costs  a re  o n l y  f o r  e l e c t r i c i t y  and n a t u r a l  
gas. Large amounts o f  thermal energy ( c h i l l e d  
water and steam) a re  a l s o  purchased, b u t  
records on these costs  are n o t  r e a d i l y  
a v a i l a b l e .  
ENGINEERING AUDITS 
The 1986 a u d i t  program resembled t h e  1984 
program i n  many respects .  Both i d e n t i f i e d  low 
cos t  and no cos t  maintenance and opera t ion  
conservat ion o p p o r t u n i t i e s  and c a p i t a l  
i n t e n s i v e  energy cos t  r e d u c t i o n  measures. 
Though more square fee t  was aud i ted  i n  1984, 
more u t i l i t y  cos t  savings per  square f o o t  were 
i d e n t i f i e d  i n  1986. Changes i n  t h e  screening 
process, the  a u d i t  r e p o r t  format  and t h e  
t e c h n i c a l  rev iew process were t h e  main reasons 
f o r  t h i s .  I n  screening, a t t e n t i o n  focused on 
e l i m i n a t i n g  t h e  f a c i l i t i e s  which were l e a s t  i n  
need o f  an aud i t .  The a u d i t  r e p o r t  format i n  
1986 requ i red  t h a t  more i n f o r m a t i o n  be 
c o l l e c t e d  and analyzed d u r i n g  each a u d i t ,  
r e s u l t i n g  i n  more p o t e n t i a l  measures being 
i d e n t i f i e d .  The techn ica l  rev iew process 
incorpora ted  t h e  l o c a l  f a c i l i t y  manager, who 
reviewed and c r i t i q u e d  t h e  d r a f t  repor t .  More 
engineer ing f i r m s  were f i e l d e d  i n  1986, which 
reduced the  amount o f  space each f i r m  had t o  
a u d i t ,  thus s lowing the  work pace. Wi th t h e  
reduced work pace and increased in fo rmat ion  
be ing  co l lec ted ,  more p o t e n t i a l  measures were 
i d e n t i f i e d .  Firms w i t h  e x p e r t i s e  i n  HVAC and 
c o n t r o l s  were a lso  r e t a i n e d  t o  a u d i t  the  more 
complex s t ruc tu res .  I n  a d d i t i o n ,  more h e a l t h  
science centers were aud i ted  i n  1986 which, as 
t h i s  paper w i l l  show, con ta in  some o f  the  
g r e a t e s t  u t i l i t y  c o s t  r e d u c t i o n  o p p o r t u n i t i e s  
i n  the  s ta te .  \ 
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Figure 1. State of Texas Utility Costs 
ESL-HH-87-09-20
Proceedings of the Fourth Symposium on Improving Building Systems in Hot and Humid Climates, Houston, TX, September 15-16, 1987
The overall payback for 1986 is 2.4 years, which 
is longer than the 1.7 years for 1984. This is 
due mainly to two reasons. First, energy costs 
were lower in 1986 than in 1984, which lengthens 
the payback period. Second, the requirement that 
more information be collected and analyzed 
resulted in more capital intensive 
recommendations. 
The audits identified both maintenance and 
operation (H&O) measures and energy cost reduction 
measures (ECRM). In the audit reports, M&O1s are 
those measures which should normally be performed 
by maintenance staff and have no implementation 
costs. ECRH's are measures which have 
implementation costs. Many of the ECRM's can be 
performed by maintenance staff but have 
implementation costs and are thus classified as 
ECRH1s. 
The audited facilities can be broken down into 
five basic types: (1) office buildings, (2) state 
schools and centers, (3) state hospitals, (4) 
health science centers, and (5) colleges. and 
universities. The pie charts in Figures 2 and 3 
illustrate the state-owned space audited in 1984 
and 1986, respectively, by agency type. Figure 4 
shows the audited space by agency type for both 
years. 
1984 AUDITS 
In 1984, three engineering firms and the Texas 
Engineering Extension Service (TEEX) conducted the 
audits. Seventy-three state facilities 
representing 22 percent of the state's building 
space (based on 1983 figures) requested 
engineering audits. Of the 73 state facilities 
audited, 6 8  audits identified projects with 
paybacks of four years or less. 
Almost 21 million square feet of state buildings 
State Schools and 
Centers (1 7.3X) 
Offices (7.9%) 
Hospitals 
(1 2.0%) 
)/ Health Science / Centers (3.3X) 
Universities (59.8%) 
Figme 2. 1984 Agency 7jqxs Audited 
(20,810,136 Sq. Ft. Total) 
ealth Science Centers 
universities p4.9%) State Schools and Centers 
12.1%) 
Figure 3. 1986 Agency Types Audited 
(14,865,476 Sq. Ft. Total) 
Health Science 
Centers (13.6%) 
State Schools and 
Centers 11 1.0%) 
Hospitals 
(1 0.7%) 
Offices (7.1%) 
Universities (57.6X) 
Figure 4. Agency m e s  Audited Both Years 
(35,675,612 Sq. Ft. Total) 
were audited, resulting in 550 specific 
recommendations for reduced energy costs. 
Annual cost savings totaling $9.2 million were 
Identified. Total implementation costs for all 
550 recommendations were estimated to be $15.6 
million with a simple payback of 1.7 years. 
1986 AUDITS 
Five engineering firms and TEEX participated in 
the 1986 audit program. There were 60 agency 
requests for audits. Some of the requests 
included space previously audited in 1984. 
Many agencies also requested buildings which 
did not meet the program criteria. Therefore, 
only 34 agencies received audits. Forty-six 
separate state facilities were audited. 
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I n  a l l .  601 seperate energy cos t  r e d u c t i o n  
recommendations were i d e n t i f i e d  i n  14.5 m i l l i o n  
square feet  of s t a t e  b u i l d i n g  space. Annual cos t  
savings o f  over $12.5 m i l l i o n  were i d e n t i f i e d .  
To ta l  implementation costs  were est imated a t  $29.9 
m i l l i o n  fo r  a  combined payback o f  2.4 years. 
1986 AUDIT RECOMMENDATIONS 
S l i g h t  d i f fe rences  i n  the 1986 and 1984 a u d i t  
format make these data incompat ib le  f o r  d e t a i l e d  
ana lys is  and comparison. For t h i s  reason, on ly  
1986 data i s  presented and analyzed i n  t h i s  
paper. A p r i o r  ana lys is  o f  the 1984 data i s  
presented i n  the r e p o r t  "Cost Containment through 
Energy E f f i c i e n c y  i n  S ta te  Bu i ld ings" ,  A p r i l  1985, 
Pub l i c  U t i l i t y  Commission o f  Texas. 
The a u d i t  recommendations are grouped i n t o  n ine  
categories, as l i s t e d  i n  Table 1. A l l  categories, 
except two, are s e l f  d e s c r i p t i v e .  E l e c t r i c  
se rv ice  measures deal w i t h  changes i n  e l e c t r i c  
b i l l i n g  rates,  meter ing changes, and power f a c t o r  
co r rec t ion .  Miscel laneous incorporates a1 1  
measures n o t  s u i t e d  f o r  t h e  o ther  categor ies.  
Table 1 presents the implementat ion cos ts  and 
annual savings f o r  each category i n  order o f  
simple payback. The f i g u r e s  represent  o n l y  ECRM 
costs  and savings. M&O1s a re  n o t  included. 
I d e n t i f i e d  M&O's savings t o t a l  $481.624. Th is  i s  
on ly  3.8 percent o f  the  t o t a l  savings i d e n t i f i e d .  
The category w i t h  the  f a s t e s t  payback i s  b o i l e r  
recommendations, w i t h  a  0.65 year payback. The 
categor ies p resen t ing  the g r e a t e s t  p o t e n t i a l  
savings are l i g h t i n g .  v a r i a b l e  speed d r i v e s  (VSD), 
and HVAC, w i t h  paybacks ranging from 2 t o  2.87 
years. With a  combined savings o f  j u s t  under $10 
m i l l i o n ,  l i g h t i n g .  VSD, and HVAC measures account 
f o r  80 percent o f  a l l  savings i d e n t i f i e d .  This  i s  
expected, s ince l i g h t i n g  and HVAC are the l a r g e s t  
energy consumers i n  a  b u i l d i n g .  
Energy management systems a l s o  show a  good 
payback, w i t h  savings o f  j u s t  under $1 m i l l i o n .  
I t i s  l i k e l y  t h a t  the re  are a d d i t i o n a l  savings 
o p p o r t u n i t i e s  a v a i l a b l e  from energy management 
systems. The scope o f  the a u d i t  work precluded 
d e t a i l e d  ana lys is  f o r  these systems a t  most 
f a c i l i t i e s .  , 
The categor ies w i t h  t h e  longest  paybacks a re  
energy recovery a t  4.3 years and b u i l d i n g  s h e l l  a t  
4.68 years. Very l i t t l e  o p p o r t u n i t i e s  e x i s t  f o r  
energy recovery measures i n  the  type o f  f a c i l i t i e s  
audited. B u i l d i n g  s h e l l  r e t r o f i t s  r a r e l y  have 
paybacks o f  under fou r  years. Combined, these two 
categor ies represent  o n l y  3 percent  o f  the  t o t a l  
p o t e n t i a l  savings. 
BUILDING TYPES 
Table 2  l i s t s  the  implementat ion cos ts  and annual 
savings per square f o o t  f o r  the aud i ted  f a c i l i t i e s  
by b u i l d i n g  type. Maintenance and opera t ion  
savings are inc luded i n  t h i s  tab le .  A  s u f f i c i e n t  
number o f  academic b u i l d i n g s ,  medical research 
f a c i l i t i e s ,  l i b r a r i e s ,  hosp i ta l s ,  and o f f i c e  
b u i l d i n g s  were aud i ted  t o  t r a n s f e r  the  
in fo rmat ion  presented t o  o t h e r  s i m i l a r  
f a c i l i t i e s  across the s ta te .  However, on ly  a  
small  number o f  natator iums, museums, c e n t r a l  
p lan ts ,  laundr ies,  and k i t chens  were audited. 
Therefore, the in fo rmat ion  f o r  these b u i l d i n g  
types should n o t  be used f o r  comparat ive 
purposes. 
The implementat ion cos ts  per  square f o o t  ranged 
from $ . I2  f o r  k i t chens  t o  $19.00 f o r  c e n t r a l  
p lan ts .  Savings per square f o o t  ranged f rom 
b.08 f o r  k i t chens  t o  $7.08 f o r  c e n t r a l  p lants .  
I t  i s  n a t u r a l  t o  expect c e n t r a l  p l a n t  measures 
t o  be the  most c a p i t a l  i n t e n s i v e  s ince they a re  
the  most energy in tens ive .  However, when i n  
use, k i t c h e n s  and laundry opera t ions  a re  a l s o  
energy in tens ive .  The low cos t  and savings 
f i g u r e s  shown here a re  mis leading s ince the 
aud i ted  k i t chens  and l a u n d r i e s  a re  o n l y  used 
p a r t  o f  the  time. As a  r e s u l t ,  s u f f i c i e n t  cos t  
savings could no t  be generated t o  j u s t i f y  
implementing measures which might  normal ly  have 
pa id  f o r  themselves w i t h i n  f o u r  years i f  
operated f u l l  t ime. Also, as s ta ted  above, 
o n l y  a  small  number o f  these b u i l d i n g  types 
were audi ted.  
Among t h e  b u i l d i n g  types where numerous 
b u i l d i n g s  were audi ted,  implementat ion cos ts  
range f rom $0.66 per square f o o t  f o r  o f f i c e  
b u i l d i n g s  t o  $3.62 per square f o o t  f o r  medical 
research b u i l d i n g s .  Savings range from $0.36 
f o r  o f f i c e  b u i l d i n g s  t o  $1.33 f o r  medical 
research. Computing the  simple payback, 
l i b r a r i e s  and o f f i c e  b u i l d i n g s  have the  f a s t e s t  
payback. They a r e  a l s o  the  l e a s t  expensive 
(per  square f o o t )  t o  implement. Hospi ta ls ,  
academic and medical research b u i l d i n g s  have 
longer  paybacks and h igher  implementat ion cos ts  
per  square foo t .  However, they represent  t h e  
g r e a t e s t  amount o f  p o t e n t i a l  savings because 
they consume more energy and c o n s t i t u t e  a  
m a j o r i t y  o f  the  S ta te ' s  u t i l i t y  b i l l .  
The numbers i n  parentheses i n  Table 2  present  
t h e  data w i thou t  t h e  Medical School B u i l d i n g  a t  
the  UT Heal th  Science Center a t  Houston f o r  
medical research b u i l d i n g s  and w i thou t  the H. 
D. Anderson H o s p i t a l  a t  the  UT System Cancer 
Center f o r  hosp i ta l s .  These two b u i l d i n g s  were 
l a r g e  enough t o  a f f e c t  the  cos t  and savings per 
square foot  f o r  t h e i r  r e s p e c t i v e  b u i l d i n g  
types. M. 0. Anderson a lso  rece ived  a  
customized a u d i t  s ince  some major energy 
p r o j e c t s  had p r e v i o u s l y  been i d e n t i f i e d  there. 
Omi t t i ng  these f a c i l i t i e s  r e s u l t s  i n  lowered 
cos ts  and savings f o r  medical research 
bu i ld ings ,  and increased savings and a  shor te r  
payback f o r  h o s p i t a l s .  Medical research 
b u i l d i n g s  s t i l l  have t h e  longes t  payback. b u t  
h o s p i t a l s  now have the  qu ickes t  paybacks and 
t h e  g r e a t e s t  savings per  square f o o t .  
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TABLE 1. ENERGY COST REDUCTION MEASURE 
C A T E ~ ~ R I ~ E D  BY PAYBACK (DOES NOT INCLUDE 
CATEGORY 
MA S) 
PAY BACK IMPLEMENTATION ANNUAL 
COST SAVINGS (YES) 
BOILER $ 350,952 $ 481,920 .73 
ELECTRIC SERVICE 52,500 50,066 1.05 
VARIABLE SPEED DRIVE 7,495,342 3,745,017 2.00 
LIGHTING 4,241,572 1,894,561 2.24 
ENERGY MANAGEMENT SYSTEMS 2,289,898 945,452 2.42 
HVAC 12,111,893 4,002,890 3.03 
ENERGY RECOVERY 1,471,814 342,498 4.30 
BUILDING SHELL 368,958 75,701 4.87 
MISCELLANEOUS 1,570,951 561,409 2.80 
TOTAL 
TABLE 2. COSTS & SAVINGS PER SQUARE FOOT-BY BUILDING BY BUILDING TYPE 
(INCLUDES MM) SAVINGS) 
BUILDING TYPE AUDITED 
SQ. FT. 
$ COST $ SAVE PAYBACK 
V T ' .  m. (YRS) 
ACADEMIC 
MEDICAL RESEARCH 
HOSPITAL 
LIBRARY 
OFFICE 
NATATOR IUM/GYM 
MUSEUM 
CENTRAL PLANT 
LAUNDRY 
KITCHEN 
TOTAL 
Numbers i n  parentheses do not  inc lude U.T. Health Science Center a t  Houston and 
U.T. System Cancer Center (M.D. Anderson Hospi ta l ) .  
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Table 3 lists the recommendation categories with 
the greatest potential savings for the State for 
each of the major building types. 
RETROFIT FUNDING 
Significant utility savings totalling over $21 
million are available to the State if the projects 
identified in the 1984 and 1986 programs are 
implemented. A fifty percent return-on-investment 
is available on the combined projects at current 
energy prices. Potential funding sources 
available to individual State agencies are: 
0 Fund the maintenance and operation and the low 
cost measures out of currently available utility 
funds. Higher education agencies can use utility 
funds for projects having paybacks under two 
years. 
0 Fund capital improvement projects out of State 
general revenue funds. This may prove difficult 
due to the State's current fiscal status. 
0 In the absence of direct State funding, 
alternative financing such as revenue bonds, 
equipment leases, third party financing, or a 
State revolving loan fund using oil overcharge 
funds returned to the State should be considered. 
these opportunities is.extremely cost 
effective. The rate of return on the 
investment is htgh, and the savings will 
continue to accrue throughout the useful life 
of the building, typically twenty years or 
more. The savings identified in 1986 were 
calculated using current, low energy costs. 
When energy costs rise again in the future, as 
they are certain to do, the savings will be 
much greater than predicted in this paper. 
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TABLE 3. COST, M V I f f i S  AND PAYBACK FOR THE 
-1ES WITH THE GREATEST POTENTIAL COST 
SAVING FOR EACH OF THE CllWOR BUILDIIIG TYPES 
BUILDING TYPE CATEGORY 
Academic HVAC 
L i g h t i n g  
VSD 
B o i l e r  
Medical Research HVAC 
L igh t i ng  
VSD 
Boi 1 e r  
H o s ~ i  t a l  HVAC 
L i g h t i n g  
VSD 
B o i l e r  
L i b r a r y  HVAC 
L i g h t i n g  
VSO 
Boi 1 er  
O f f  i c e  HV AC 
~ i ~ h t i n ~  
VSD 
B o i l e r  
(WES NOT INCLUDE IIM)'S) 
# 
MEASURES IMPLEMENTATION 
IDENTIFIED - COST 
ANNUAL 
SAVINGS 
1,199,605 
645,245 
2,337,519 
44,102 
2,330,758 
536,194 
434,980 
105,201 
397,239 
428,761 
268,848 
177,056 
17,755 
186,873 
545,723 
33,086 
22,656 
81,262 
35,181 
1,792 
PAY BACK 
3.34 
2.09 
2.23 
1.08 
2.83 
2.81 
1.48 
.06 
3.41 
2.14 
.84 
.01 
2.15 
1.47 
1.67 
.07 
.95 
2.09 
4.11 
3.34 
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